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Synthetic scheme of compound 6. were dissolved in a 1:1 mixture of piperidine and THF (200 mL). The mixture was closed with a septum and stirred for 10 minutes at 70 °C. Then trimethylsilyl acetylene (0.79 g, 8.04 mmol) was added using a syringe and the reaction mixture was stirred at 80 °C. After 10 hours reaction time dichloromethane (200 mL) and a 1:1 mixture of conc. HCl and water (750 mL) were added. The organic layer was washed several times with water and dried using magnesium sulfate. After the solution was concentrated under vacuum the residue was purified by column chromatography using silica gel and a 2:1 mixture of petroleum ether and dichloromethane as eluent.
yield: 1.01 g (1.90 mmol) bright yellow solid (71 %).
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UV-Vis (chloroform): λmax (ε) = 266 nm (35600 M -1 cm -1 ); 499 nm (42100 M -1 cm -1 ); 526 nm (43500 M -1 cm -1 ). 
IR (KBr)
:
N-(2´,6´-Diisopropylphenyl)-9-trimethylsilylethynyl-3,4-perylene-dicarboxylic acid monoimide (4) (2 g,
3.46 mmol) was dissolved in dry THF (150 mL). Then a solution of n-tetrabutylammonium fluoride (0.9 g, 3.46 mmol) in THF (20 mL) was added under inert atmosphere. After stirring for 15 minutes at room temperature the reaction mixture was diluted with dichloromethane (250 mL) and washed with water.
The combined organic layers were washed with a 1:1 mixture of conc. HCl and water and once again with water. The combined organic solutions were dried using magnesium sulfate, concentrated under reduced pressure and the residue was purified by column chromatography using silica gel and dichloromethane as eluent. 
acid monoimide (7) (150 mg, 0.141 mmol), 4-(dimethylamino)phenyl boronic acid (233 mg, 1.414 mmol), and tetrakis-(triphenylphosphine)-palladium(0) (50mg, 0.042 mmol) were dissolved in toluene (25 mL), ethanol (1 mL) and 2M aqueous solution of potassium carbonate (10 mL). The reaction mixture was flashed with argon and stirred for 16 hour at 75 °C under inert atmosphere. The reaction was cooled down to room temperature and the organic layer was separated. The aqueous solution was extracted with toluene several times and the organic layers were combined, dried using magnesium sulfate and concentrated. The crude mixture was purified by column chromatography using 2% ethanol solution in dichloromethane as eluent. 
-perylene-dicarboxylic acid monoimide (8) (50 mg, 0.042 mmol) was dissolved in chloroform (15 mL) at 75 °C and iodomethane (1 mL) was added. After the reaction mixture was stirred overnight the solution was concentrated under reduced pressure and the residue was dissolved in methanol. The resulting solution was again treated with iodomethane (1 mL) and stirred at 80 °C.
After a reaction time of 10 h the solvent was evaporated and the residue was dried under reduced pressure. The resulting red solid was dissolved in methanol (20 mL) and silver methanesulfonate (14.8 mg, 0.073 mmol) was added. After the reaction mixture was stirred overnight the precipitate was filtrated. The filtrate was concentrated under reduced pressure and the resulting residue was purified by dialysis in water (membrane permeability <500 g/mol).
yield: 20 mg (0.013 mmol) red solid (31 %). 3-Bromo-triisopropylsilylethynyl-benzene (10) (1.1g, 3.292 mmol), N-(2´,6´-diisopropylphenyl)-9-(4´´,4´´,5´´,5´´-tetramethyl-1´´,3´´,2´´-dioxaborolan-2´´-yl)-3,4-perpylene-dicarboxylic acid monoimide (11) (500 mg, 0.823 mmol), and tetrakis-(triphenylphosphine)-palladium(0) (76 mg, 0.066 mmol) were dissolved in mixture of toluene (50 mL), ethanol (5 mL) and 2M aqueous solution of potassium carbonate (15 mL). The reaction mixture was flashed with argon and stirred for four days at 75 °C under inert atmosphere. The reaction was cooled down to room temperature and the organic layer was separated. The aqueous solution was extracted with toluene several times. The combined organic layers were dried using magnesium sulfate, concentrated and the resulting residue was purified by column chromatography using silica gel and dichloromethane as eluent.
3-Bromo-triisopropylsilylethynyl-benzene (10)
yield: 447 mg (0.606 mmol) red solid (73.6 %); R f -value: 0.57 (dichloromethane). 
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N-(2´,6´-Diisopropylphenyl)-9-(3´´-(triisopropylsilylethynyl)-phenyl)-3,4-perylene-dicarboxylic
acid monoimide (12) (300 mg, 0.474 mmol) was dissolved in dry THF (15 mL). Then a solution of ntetrabutylammonium fluoride (224 mg, 0.711 mmol) in THF (2 mL) was added under inert atmosphere.
After stirring for seven minutes at room temperature the reaction mixture was quenched with water (60 mL) and the crude mixture was extracted with dichloromethane. The combined organic layers were dried using magnesium sulfate, concentrated under reduced pressure and the residue was purified by column chromatography using silica gel and dichloromethane as eluent. The combined organic layers were dried using magnesium sulfate and concentrated under vacuum.
SI 12 N-(2´,6´-Diisopropylphenyl)-9-(3´´-(tri-(4´´´-bromophenyl)-methyl)-ethynylphenyl)-3,4-perylenedicarboxylic acid monoimide (14)
The residue was purified by column chromatography using silica gel and dichloromethane as eluent. 
NMR (175 MHz
,
SI 13 N-(2´,6´-Diisopropylphenyl)-9-(3´´-(tri-(4´´´(4´´´-N´,N´-dimethylaminophenyl)-phenyl)-methyl)-ethynylphenyl)-phenyl-3,4-perylene-dicarboxylic acid monoimide (15)
N O O CH 3 C H 3 CH 3 C H 3 N CH 3 C H 3 N C H 3 CH 3 N CH 3 CH 3
N-(2´,6´-Diisopropylphenyl)-9-(3´´-(tri-(4´´´-bromophenyl)-methyl)-ethynylphenyl)-3,4-perylene-
dicarboxylic acid monoimide (14) (150 mg, 0.132 mmol), 4-(dimethylamino)phenyl boronic acid (218 mg, 1.320 mmol), and tetrakis-(triphenylphosphine)-palladium(0) (50 mg, 0.040 mmol) were dissolved in toluene (25 mL), ethanol (2 mL) and 2M aqueous solution of potassium carbonate (10 mL). The reaction mixture was flashed with argon and stirred for three days at 75 °C under inert atmosphere.
The reaction was cooled down to room temperature and the organic layer was separated. The aqueous solution was extracted with toluene several times and the organic layers were combined, dried using magnesium sulfate and concentrated. The crude mixture was purified by column chromatography using silica gel and 2% ethanol solution in dichloromethane as eluent. 
SI 14 N-(2´,6´-Diisopropylphenyl)-9-(3´´-((tri-(4´´´(4´´´-N´,N´-trimethylammoniumphenyl)-phenyl)-methyl)-ethynylphenyl)-phenyl-3,4-perylene-dicarboxylic acid methylsulfonate (2)
N
N-(2´,6´-diisopropylphenyl)-9-(3´´-((tri-(4´´´(4´´´-N´,N´-dimethylaminophenyl)-phenyl)-methyl)-
ethynylphenyl)-phenyl-3,4-perylene-dicarboxylic acid monoimide (15) (25 mg, 0.020 mmol) was dissolved in chloroform (15 mL) at 75 °C and iodomethane (1 mL) was added. After the reaction mixture was stirred overnight, the solution was concentrated under reduced pressure and the residue was dissolved in methanol. The resulting solution was again treated with iodomethane (1 mL) and stirred at 80 °C. After 10 hour reaction time the solvent was evaporated and the residue was dried under reduced pressure. The resulting red solid was dissolved in methanol (10 mL) and silver methanesulfonate (7.4 mg, 0.036 mmol) was added. After the reaction mixture was stirred overnight the precipitate was filtrated. The filtrate was concentrated under reduced pressure and the resulting residue was purified by dialysis in water (membrane permeability <500 g/mol). 
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General methods: 1H and 13C NMR spectra were recorded on Bruker AMX250, Bruker AC300, AMX500 NMR and AMX700 NMR spectrometers using the residual proton or the carbon signal of the deuterated solvent as an internal standard. Chemical shifts are reported in parts per million. FD mass spectra were performed with a VG-Instrument ZAB 2-SE-FDP. High Resolution Mass spectra (HRMS) were recorded with a Finnigan MAT and VG Instruments ZAB 2-SE-FPD. UV/Vis absorption spectra were recorded on a Perkin Elmer Lambda 900 spectrophotometer. The elemental analyses were carried out by the Microanalytical Laboratory of Johannes Gutenberg University.
Materials:
Solvents and Pd-catalysts were purchased from Aldrich. Column chromatography was performed with dichloromethane, methanol, pentane or toluene on silica gel (Geduran Si60, Merck). N-(2,6-diisopropylphenyl)-1,6,9,14-tetrakis(ptert-octylphenoxy)-terrylene-3,4-dicarboximide was supplied from BASF-SE (Ludwigshafen). All reported yields are isolated yields.
4-{4-[bis({4-[4-(dimethylamino)phenyl]phenyl})(4-ethynylphenyl)methyl]phenyl}-N,N-dimethylaniline (3):
TBAF (1M solution in THF, 0.35 mmol) was added to a solution of tri-isopropylsilyl- 
4-{4-[bis({4-[4-(dimethylamino)phenyl]phenyl})(4-{2-[3-(tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]ethynyl}phenyl)methyl]phenyl}-N,N-dimethylaniline (4):
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CuI (0.072 g, 0.38 mmol) and Pd(PPh 3 ) 4 (0.22 g, 0.19 mmol) were added to a solution of 3 (100 mg, 0.142 mmol), 3-iodobenzeneboronic acid pinacol ester (47 mg, 0.142 mmol) and triethylamine (58 µL, 0.426 mmol) in dry CH 3 CN (30 mL) under argon. The mixture was degassed and stirred for 4 h at 70°C under argon. The reaction mixture was then allowed to cool to room temperature and solvent was evaporated to dryness under reduced pressure. The solid was solublized in dichloromethane and filtered through a pad of silica. Purification of the resulting residue by GPC afforded 4 (98 mg, 76%) as a beige solid. 
N-(2,6-Diisopropylphenyl)-11-bromo-1,6,9,14-tetrakis(p-tert-octylphenoxy)-terrylene-3,4-dicarboximide (5):
A solution of N-(2,6-diisopropylphenyl)-1,6,9,14-tetrakis(p-tert-octylphenoxy)-terrylene-3,4-dicarboximide (480 mg, 0.32 mmol), N-bromosuccinimide (NBS) (170 mg, 0.96 mmol) in dry THF was fluxed for 6 h under an argon atmosphere. After removal of solvent, further purification by column chromatography by using toluene as eluent to yield 95 %. [2,6-bis(propan-2-yl)phenyl]-11,18,24,33-tetrakis[4-(2,4,4-trimethylpentan-2-yl)phenoxy]-20-[3-(2-{4-[tris({4-[4 1(28),2,4,9,11,13,15,17,19,21(31),22,24,26,29,32-pentadecaene-6,8-dione (6 
7-
):
Potassium carbonate (1M, 0.026 mmol) was added to a solution of 5 (8 mg, 0.005 mmol), boronic ester 4 (9 mg, 0.010 mmol) and Pd(PPh 3 ) 4 (1.5 mg, 0.001mmol) in 5 mL toluene and 0.2 mL ethanol. The mixture was degassed and stirred at 80°C overnight under argon. The reaction mixture was then allowed to cool to room temperature and solvent was evaporated to dryness under reduced pressure. The solid was solublized in dichloromethane and filtered thought pad of silica. The crude product was purified by GPC to afford compound 6, as a blue solid in 77% yield (9 mg). [2-(3-{7-[2,6-bis(propan-2-yl)phenyl]-6,8-dioxo-11,18,24,33-tetrakis[4-(2,4,4-trimethylpentan-2-yl) 1(28),2,4,9,11,13,15,17,19,21(31),22,24,26,29,32-pentadecaen-20- 
4-[4-({4-
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yl}phenyl)ethynyl]phenyl}bis({4-[4-(trimethylazaniumyl)phenyl]phenyl})methyl)phenyl]-N,N,N-trimethylanilinium; tris(methanesulfonate) (7):
To a solution of 6 (9 mg, 0.005 mmol) in 5 mL chloroform, iodomethane (1 mL) was added. The resulting mixture was stirred overnight at 75 °C. The reaction mixture was then allowed to cool to room temperature and solvent was evaporated to dryness under reduced pressure. To the residue, methanol (5mL) and iodomethane (1 mL) were added and was stirred overnight at 80 °C. After cooling to room temperature, solvent was evaporated to dryness under reduced pressure. The residue was dissolved in 5 mL methanol and silver methanesulfonate (5 mg, 0.025 mmol) was added. After stirring overnight at room temperature, the resulting precipitate was filtered and dried in high vacuum. For purification, the solid was subjected to a dialysis in water (membrane permeability g <500 mol 
Section S3: Materials and methods for optical and computational studies
Borosilicate glass substrates were pre-cleaned by sonication in acetone, aqueous NaOH, and water, followed by U.V.-ozone treatment. Poly(n-butyl methacrylate) (MW = 10,200 g/mol, T g = 296 K) and styrene oligomer (MW = 360 g/mol, T g = 277 K) were purchased from Polymer Source, Inc. and used without further purification. Polymer over-layers were spin cast at ca. 3000 rpm from chloroform or toluene solutions (1% by weight polymer). Polymer layers were ca. 100 nm thick as measured by atomic force microscopy. The defocused widefield fluorescence imaging was performed using an inverted optical microscope (IX71, Olympus) equipped with a 1.3-N.A. 100x oil immersion objective (Plan Fluorite, Olympus) and a CCD camera (cascade 512B, Princeton Instruments INC, iXon DV887 EMCCD, Andor Technology, or ImagEM, Hamamatsu). Diode-pumped solid-state lasers emitting continuous wave 532 nm light (for excitation of 1 and 2) or 640 nm light (for excitation of 3) were used as the excitation source. The excitation light was circularly polarized by using λ/2 plate and λ/4 before being focused at the back focal plane of the objective to achieve wide-field excitation.
Fluorescence was collected by the same objective and passed through a dichroic mirror and a long pass filter to remove scattered excitation light. The image was further magnified 3.3 times with an additional lens (the resulting field of view is 24.6 x 24.6 μm). The excitation field contains only a limited contribution of radial or z-polarized light polarizations when focused at the centre of the back focal plane of the objective. The direction of light propagation is perpendicular to the substrate plane, and therefore the excitation of molecules with transition dipole moment oriented along the z-axis (perpendicular to the substrate plane) is disfavored.
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To overcome this problem a quasi total internal reflection fluorescence excitation mode (q-TIRF) was employed, in which the excitation light was focused at the side of the objective such that it approached the substrate at high angle, generating evanescent fields polarized in the z-direction. Note that using an objective with NA of 1.3, only a part of the illumination can be reflected at a polymer/air interface and perfect TIRF illumination cannot be achieved.
Defocused fluorescence images were analysed with a home-built MatLab routine according to theoretical models 1, 2 . A jacket around the objective and microscope stage allowed the temperature of the sample to be controlled with a thermostat water bath. Bulk fluorescence decays were measured using the time-correlated single photon counting technique.
Transient absorption spectroscopy was undertaken using the amplified output of a titanium:sapphire laser (800 nm, 150 fs pulses of 1 mJ energy) coupled to an optical parametric oscillator. Energy minimisation was carried out using semi-empirical PM6 methods in Spartan 10 software (V. 1.1.0, Wavefunction Inc. California U.S.A.).
Trialkylammonium groups were substituted by methyl groups to simplify the calculation.
Transition dipole moment directions were calculated using Arguslab software (V. 4.0.1, Planaria Software LLC).
Section S4: Choosing appropriate integration times for defocused fluorescence imaging
The appropriate integration time for imaging in defocused wide-field fluorescence microscopy is long enough to have an image with adequate signal-to-noise for accurate orientation fitting, and short enough that no dynamic information is lost. In Fig. S1 below are examples of the same single molecule's orientation with time (discussed in the main text and featured in Fig.   3c ), with image integration times 0.030 sec (Fig. S1a) , 0.153 sec (Fig.S1b) , and 1.53 sec ( 
Section S5: Analysis of rotational dynamics of 2
The autocorrelation functions (C(t)) of many observables for single molecule dynamics in glassy media are well fit by the Kohlrausch-Williams-Watts (KWW) or stretched exponential function [3] [4] [5] [6] :
Where the relaxation time for the process (here the rotational correlation time, τ c ) is related to the measured decay time of the rotational autocorrelation function (τ KWW ) by:
Γ is a gamma function and the stretch factor β is in the range 0 ≤ β ≤ 1. Departure of β from 1 measures the degree of heterogeneity in the timescales of rotational diffusion experienced by the molecule over its survival time, imposed by heterogeneous relaxation of the matrix. 
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Section S6: In-plane field distribution for wide-field q-TIRF excitation To generate wide-field excitation in these studies, a circularly polarized input laser beam was focused on the back focal plane of the microscope objective. The result was a collimated excitation beam ~40 μm diameter at the sample. If the excitation beam is aligned along the optical axis of the microscope (focused at the centre of the back focal plane of the objective) the excitation will pass through the sample at right angles, and the field amplitude will be equal in (and restricted to) all in-sample plane directions.
To generate quasi total internal reflection fluorescence (q-TIRF) excitation, the excitation beam is focused near the edge of the back focal plane of the objective so that it approaches the sample at a high angle. Here we will consider the case of the excitation beam approaching the surface along the in-plane x-direction. In this case, the p-polarized component of the excitation light generates an elliptically polarized evanescent field with components along the x-and z-directions (the z-direction is normal to the sample plane).
Meanwhile the s-polarized component of the excitation light generates an evanescent field with identical penetration depth but purely polarized along the y-direction in-plane. The result is that in-plane evanescent field distribution is greater in the y-direction than it is in the xdirection, in which the evanescent field propagates (Fig. S3) 
.
Supplementary Figure S3| Incident angle dependence of optical field intensities for q-TIRF excitation. For excitation light approaching an air/glass interface (refractive index of air(glass) = 1.0(1.5)) along the in-plane x-direction (z-direction is normal to the interface). The amplitudes (|E|) of the incident field p-and s-polarized components were set to be 1 and 1. Maximum incident angle using a NA = 1.3 objective is 60.07° and the ratio |Ey|^2 / |Ex|^2 at this incident angle is 2.0886. 
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subunit at 555 nm in aerated methanol (Fig. S5) . Ground state depletion at 500 nm occurs within the pulse width, however the transient absorption at 600 nm grows in over ~0.6 ps and is attributed to the intramolecular charge transfer state (the perylene monoimide anion radical absorbs at 600 nm 9 , and the cation radical of phenylacetylene at 620 nm . A similar estimation can be made for 3 from literature values.
